Abstract. This paper uses the Hexagon Spindle model of ergonomics to provide a framework for the development of person centred approaches to vehicle and transport design. The benefits of taking this approach, and the factors that might be included under a more inclusive definition of automotive and transport ergonomics are explained.
Introduction
Transport is at the heart of some of the most significant societal grand challenges. While advances in technology have simplified movement around the world, increased levels of commuting have impacted on economies, the environment and public health. It is estimated that transport problems cost the UK economy £45bn/year and the overdependence on personal, motorised forms of public transport are unsustainable and are fuelling ill health. Addressing these issues needs a multidisciplinary and holistic approach -one that places people at the heart of the solution, the creation of new high-quality, betterconnected living spaces, and the use of technology to improve the way we move goods and people.
Ergonomics seeks to maximise safety, efficiency and comfort through design which matches the operator's abilities. This paper addresses the factors which effect humans interaction with vehicles and the traffic environment. It is widely accepted that transport systems and vehicles have to be designed from a person centred perspective. The close relationship between the human and machine is apparent in many operations in transport, for example the way in which the car presents information about its performance to the driver (through auditory, tactile and visual displays), the design of controls which enable the driver to manipulate the vehicle through changing road conditions, the design and positioning of road signs to be quickly and easily comprehended. More recentlt attention has focused on the reverse direction as well, the effects the close relationship of man and transport has on the quality of life and the environment.
The Hexagon Spindle model and its benefits
With the spotlight on the need to improve the quality and efficiency of transport, inclusivity and the need to reduce carbon emissions and the rapid incorporation of technology supporting all interactions with transport, research in the field of transport ergonomics is increasing, This is exemplified at Coventry University by two Grand Challenge Initiatives in the fields of Low Carbon Vehicles and Integrated Transport and Logistics (IT&L GCI)
The Integrated Transport and Logistics Grand Challenge (IT&L GCI) maintains a person centred approach to its investigations, emphasizing the quality of the passenger or citizen's experience. As part of this, we are using the Hexagon Spindle Model of Ergonomics to provide the context for research activities. This section introduces the model before showing how it can be used to organize the diverse range of transport ergonomics research. This is recognized in the Hexagon Spindle (H-S) Model [2 and 3] . It provides a clear division of the factors which influence task completion, between the constant characteristics of the user and individual task dependent variables. Although the model was developed to elucidate the factors which effect task interactions in learning environments, its generic nature means that it can be applied to different domains.
The H-S Model stresses that different tasks take place in different settings, with different interactions -a person's day, or a journey can be broken down, with only some items remaining constant across time (such as fixed factors in the environment). In taking a person centred perspective to the design of transport systems this recognizes; x the need to support a person's entire journey, not just the design of one particular aspect, or interaction. A commuter's journey may be composed of different elements. Therefore an effective user centred transport system must support the entire, door-to-door journey. x The changing nature of human characteristics across the day and task. Tailorable systems, including transport ones, need to acknowledge and adapt to changes in human characteristics over time such as length of journey, motivation, reactions of other drivers. All of these have the potential to affect driving performance.
Shading denotes relative importance of factors for that stage of the journey

Applying the H-S model to transport design
Users and their characteristics
Taking the user as the starting point, it is possible to identify distinct user groups who have been the focus of attention in transport research. These can be primary and secondary users (drivers, passengers, pedestrians), of different vehicle types (terrestrial, marine, or airborne), having different characteristics (e.g. physical or cognitive) and/or driving under different situations (when tired, rushed, intoxicated, using a telephone etc). Any one of these might affect their interaction with the vehicle or the transport system. The following section will consider obese transport users.
Whilst vehicle designers have recognized the need to accommodate height variation, there has been a slower response to the global increase in weight and the accompanying increase in population girth. In the UK, 25% of the adult population are overweight, 22 % of males and 21% of females are obese [4] . Although weight reduction initiatives are in place in many countries, the global trend is likely to increase, for example due to changes in diet, lifestyle, energy expenditure and the growth in obesogenic environments [5] . One such initiative that is gaining support in countries such as UK, China, Australia and US is active transport [6 and 7] where people are encouraged to adopt non motorized forms of transport (e.g., walking, cycling). This is an example of how a macro level user characteristic is influencing government and organizational policies and urban transport design (e.g. through the creation of bicycle lanes and incentives to adopt a more healthy lifestyle). Currently, overweight and obese drivers and users of public transport may face uncomfortable, unsafe journeys and discriminatory practices. Table 1 identifies some of these issues, and is useful in establishing where change may be needed to improve vehicular and station design and organizational practice. This is because the design of vehicles and transport facilities may fail to recognize their needs in terms of seat design, crashworthiness and station layout. Larger passengers report feeling stigmatized when they are required to occupy two seats, with some economy airlines contemplating a fat tax [8] . Overweight drivers of public transport vehicles face health consequences [9] in part due to the design of their workstation and are subject to discriminatory practices (requiring them to lose weight if they wish to keep their jobs [10] . Recognition that the needs of a large percentage of the population are not being accommodated are also evidenced by the retrofitting of theme park rides [11] and ambulances [12] .
The above example shows how the characteristics of one particular section of the population need to be considered if transport is to be inclusive, the barriers towards interaction removed, higher levels of satisfaction and efficiency achieved and how factors outside an individual's control might affect interaction.
The personal sector
The personal sector considers factors which may vary in relation to a specific task, from individual to individual.
Individual factors
[13] conducted a survey of stakeholder attitudes to electric park and ride buses in a small city in the UK. A member of the public's concern over ill health caused by traffic pollution and attitudes towards sustainability might increase their use of park and ride services, even though such services might not always be convenient. An overriding environmental concern, or an 'early adopter 'characteristic may also be a factor in the purchase of e-vehicles and lead to a greater tolerance of the current inconveniences and high price of such vehicles (e.g. in terms of charging points).
Other personal factors which need to be taken into account include social, psychological and physiological factors such as intelligence, motivation, attitudes, socio economic group, earnings, peer group, age and sensory, physical and cognitive abilities and the implications of these on all levels of activity from purchasing decisions, though to choice of transport and driving performance.
Social and group factors
Participation in transport is a social exercise. One might drive in isolation, but actions are influenced by other road users; both those within and outside of the vehicle. For example it has been noted that the driving of young drivers is influenced by the type of passengers being carried [14] and factors such as parental, community and cultural norms, demographic factors etc [15] . Driving style might differ with the behaviour of other motorists; for example in terms of speed [16] , and lane changing, and in reaction to other aggressive drivers [17] . Therefore the interaction of individual and social factors has a mediating influence on the receptivity of individuals to vehicle information, performance capabilities and transport legislation.
The influence of social and group factors on driver behaviour is now being exploited by in-vehicle telematics applications targeting greener driving and speed reduction. The motivations for such work are the need to address global environmental issues, plus the congestion and pollution caused by cars. The realization that transport needs to change is driving government policy and car manufacturers to provide alternatively powered vehicles (such as electric and hybrid vehicles) and encourage drivers to behave in more environmentally responsive ways.
Sensor technology and related research enables vehicle performance to be captured and presented in ways that will lead to more environmentally friendly driving. Technological developments allow the performance of the driven car be fed back to the driver. The performance (e.g. in terms of feed and fuel efficiency) of others (e.g. friends, work colleagues, best and worst drivers) can also be presented, with the expectation that this will directly influence driver behaviour. This territory is just being explored, so although HMI principles relating to display characteristics can be applied to the new display designs, the receptivity of different individuals to this information is not yet known [18] . For example, will knowing that other drivers in my street drive more slowly than I do influence my preference for fast driving?
Contextual sector
Task design factors
The driving task can be divided into three classes, with associated devices as show in Table 1 . More details are available [19 and 20] . Output devices provide feedback about the current state of the system. This can be delivered through visual, auditory of haptic channels. Obviously information of central importance to the driver is placed within the direct field of vision, in a way that attention does not have to be taken away from the primary driving task. International standards provide interaction design recommendation and enforcements (e.g. [21] ), and design guidelines [22] describe how to make systems safe and easy to use for all drivers, e.g. through providing recommendations on text size, placement of displays taking into account safety and usability issues. An understanding of the driver's workspace is critical, as the driver is in a relatively fixed position. [23] provide a review of different input and output devices and their locations, using this to characterize the automotive design space.
To understand the position of these in relation to the driver, vehicle occupant packages are to ensure that adequate levels of accommodation, comfort and safety. The, occupant package, whilst focusing primarily on the driver, is also used to ensure the fit, ingress and egress of passengers. The package provides an accurate diagrammatic, 2 or 2d representa-tion of the location and adjustment ranges of the steering wheel and seat with respect to the pedals, and the physical locations of all displays and controls that the driver interacts with. Diver vision is modeled with respect to interior and exterior sight lines to ensure the visibility of primary vehicle controls, views through mirrors and to the front of the vehicle. Accommodation should ensure that the largest percentage of the population can be suited in terms of fit, comfort and vision. This can be achieved through optimal placement of controls, mirrors and displays in relation to the occupants' positions and the degree of adjustability allowed in the design.
Therefore, designing a vehicle from the user's perspective requires knowledge of the driving task, physiological and psychological issues related to the driver and the ways in which these can be accommodated in the layout.
Product design factors
This sector deals specifically with the way in which the design of the product influences user interaction . The product in question could refer to a particular visual display through to the design of the vehicle or transport system. This is exemplified in [24] 's study of the redesign of a bus driver's workstation which illustrates how driver workstations can affect the health of drivers, how redesign can address these problems, how the views of representative end users can be fed into this process and the variety of methods that can be employed at different stages of the design process.
Organisational sector
Infrastructure and the wider environment transport system
Infrastructure relates to the network over which the vehicles operate and its related technology, through to the implementation of national rules and regulations governing flow and speed of transport and the design of the network as it affects drivers and passengers. Additionally the integration and interoperability of different transport services is now given attention with a new focus on the whole journey experience (whether for freight or passengers).
Previous research has considered issues such as road layout, markings and traffic rules and regulations. For example, [24] studied the effects of traffic light synchronization on the running of red lights. Synchronized intersections smooth the flow of traffic. This in turn reduces driver frustration from having to start and stop and intersection-related accidents, particularly rear-end collisions [26] . [27] looked at whether synchronization not only reduced the opportunities for intersection conflict, as vehicles travelled together in group, but also whether it changed driver behavior (i.e. reduced the inclination to run red lights). They found that when drivers were driving along a route with synchronized red lights they were less likely run the lights, and that this benefit was greatest when the traffic is light. They concluded that 'these findings demonstrate the importance of engineering and design in the alleviation of one type of aggressive driving……. It thus demonstrates a basic ergonomics principle: Changing the environment may be more effective than changing its users'.
Current research focuses on how knowledge of the transport situation may influence behaviour, from the level of what modes of transport to use, through to route choice and individual driver behaviour.
Public transport
The UK government is stressing the need to improve the quality of the passenger experience along the course of the whole journey to increase the use of public transport. Importantly in terms of infrastructure this highlights the need for joined up journeys, which do not require passengers struggling to locate services, providing services that enable passengers to select, book and monitor their services etc.
This 'macro level' push towards behaviour change has effects for travelers in terms of the level of service provided and their interaction with those services. A clear relationship is seen between improved service design and the uptake of that service. For example in terms of bus usage, changes to the quality and extent of services, the environment around bus stops, availability of information, ease and efficiency of ticketing arrangements, introduction of bus lanes, priority signaling, smart ticketing and enforcement of parking restrictions etc have contributed to significant increases in the use of bus services in many English counties [28] .
Operating within this arena the role for ergonomists is twofold; 1) to understand the passenger experience, their needs, requirements and barriers to use of the system, present these issues to service providers, and evaluate the resultant changes (e.g. the usability of new ticketing processes, display of service information, accessibility of services and availability of information);2) to provide guidance on the design of tools and HMI which present transport in-formation in the right format, at the right time and in a form that can be acted upon by all members of the user population.
Representation of information from the infrastructure and wider environment in vehicles
Technological advances in the areas of primary and secondary safety represent a major challenge at all levels of the level of the transport network (see [29] for a review) in terms of their design, delivery and use.. There are several basic assumptions about providing more information to drivers; that they will want to know the information, attend to it, be able to act upon it.
In the more advanced integrated safety systems, the driver may be removed from the control loop, i.e. the car automatically receives advances notification of events and acts on that information. In integrated safety systems the vehicle can monitor the likelihood of a collision, use primary safety systems to avoid or reduce its severity, and alert the secondary systems to protect the occupant when the collision occurs. The concept of integrated safety has been enabled by the development of advanced sensors that can detect the current state of a vehicle and predict the likelihood of a collision occurring by monitoring the road environment.
Managerial sector
. For the transport user the 'work setting' may be interpreted as either 1) The organization in which the operator (driver , pilot or bus conductor for example) works, or 2) The wider environment in which the work takes place, e.g. the road transport network or rail system in which the vehicle is located. There is a need to recognize and understand the wider issues which might affect the behaviour of the traveler, or driver and accommodate these where possible through sensitive and tailorable design.
Operational and organizational issues (such as organizational ethos, culture and regulations) can effect the operators of public transport, and hence ethe safety and well being of not only the drivers but the passengers and other transport users as well.
[30] discussed the effects of organizational decisions on pilots in relation to efficiency and pilot workload . He argued that the operation of an airliner is not just about the pilot, the aircraft and the mission, but is also about the societal environment and the role of management. In terms of crew rostering [31] noted that changes to a rostering system reduced operational risk, produced less fatiguing work patterns, improved productivity by 7%, reduced insurance premium (by £4 million), improved crew lifestyle and pilot retention and decreased sickness and training.
[32] studied the occupational health and safety of Australian truck drivers as supply chain rationalization and government policies were producing an increasingly competitive industry, with relatively easy entry and intense price based bidding. This has encouraged cost saving employment practices -such as increased subcontracting, contingent work and pay systems (such as delivery time bonus/penalties and linking pay to distance travelled). In this case, government legislation (such as deregulation and the opening up of markets) produced changes to the work setting (or behavior of the organization) which controls the design of the driving task. Increased competition resulted in the need for work intensification and reduced labour costs. This has been achieved through (for example) increasing the size of the vehicles, using fleets more intensively, reducing driver payments, engaging self employed or cheaper drivers, or increasing the work load. [33] characterized 'trucking' as a 'sweated industry', where intense competition reduces pay to a point where the longest working hours provide a subsistence wage imperiling health and well being. In Europe, [34] argued that highly articulated transport systems adopting systems such as JIT were not conducive to safety.
Summary
This paper has shown how the H-S model can be used to organise transport related research whilst keeping the user in focus, The Integrated Transport and Logistics Grand Challenge Initiative at Coventry University focuses on the passenger or citizen's experience of transport -whether they are a direct user or a service, receive good from freight operators, or live in communities which are bounded by and regulated by transport provision.
The focus of the UK, and other countries is on the passenger experience -from planning to arrival at the final destination. This provides opportunities for ergonomic interventions to ensure that all stages of the journey are accessible to all users, and that transitions to other modes of transport occur smoothly.
Using the H-S model to guide research demands that attention is placed on all factors which might affect interaction with vehicles, systems and services.
It may be argued that such a model can integrate existing research and show the many factors that might influence the undertaking and manner in which journeys takes place.
Designers can draw on a vast body of work in the form of real world surveys and interviews with drivers, operators and passengers through simulator studies and virtual CAD, and on to psychological studies of drivers, to help them create safe, usable and effective means of transport for future generations.
